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A  series  of  hlgh-veloclty  extrusions  were  made  which  demonstrated  the 
reproducibility  of  this  process  for  making  Tee  shapes  2  Inches  by 
1  Inch  by  .050  inches  from  Ti-6Al-4v,  AISI  43^0  and  304-  stainless  steel. 
Nominal  surface  finish  of  eleven  extrusions  was  80  RMS.  Iblckness 
variation  on  the  stem  emd  flanges  was  normally  .002  inches  to  .003 
Inches.  Radii  at  the  Intersection  of  the  stem  and  flange  were  under 
.03  Inches. 

The  extrusions  were  made  on  a  Qynapak  high-velocity  extmsion  press 
manufactured  by  General  Dynamics.  All  the  materials  were  extruded 
through  ceramic  coated  dies  at  a  reduction  ratio  of  17:1 •  The  dies 
were  lubricated  with  graphite  and  no  billet  lubrication  was  used, 
lengths  obtained  varied  from  8  feet  to  11  feet  depending  on  the  power 
used.  The  Dynapak  machine  is  capable  of  producing  energies  of  approx¬ 
imately  300*000  foot  pounds. 
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INTOODIJCTION 


Bie  purpose  of  this  contract  is  to  R^’vrnce  the  state-of-the-art  of 
hl«h-velocity  extrusion  and  to  determine  the  capabilities  of  the 
Qynapak  machine  when  applied  to  the  extrusion  of  various  metals 
Into  structural  shapes  of  the  quality  required  for  aircraft,  missile 
and  spacecraft  construction. 

InvestlgatlcKi  of  the  process  parameters  will  comprise  the  bulk  of 
effort  in  determining  precisely  the  capabilities  and  limitations  of 
the  machine  relative  to  extruding  the  desired  lengths  AnH  cross- 
sections.  A  process  will  be  established  for  the  extrusion  of  the 
selected  materials  and  an  analysis  made  of  the  variables  of  the 
process . 

Phase  I  will  be  the  evaluation  of  the  current  state-of-the-art  of 
high-velocity  extrusion. 

Phase  II  will  be  the  establishment  of  a  process  for  extruding  titanium 
and  steel  alloys,  Ti-6Al-4v,  AISI  43U0  and  304  stainless  steel,  into 
a  Tee  configuration  2  Inches  by  1  inch  by  .050  inches  thick  and  10 
feet  in  length.  See  Figure  1.  In  addition,  these  extrusions  are  to 
have  a  surface  finish  of  100  RJC  and  to  be  of  aircraft  quality. 

Phase  III  will  be  similar  to  Phase  II  in  respect  to  the  type  of  work 
to  be  done  but  will  deal  with  refractory  metal  alloys  of  molybdenum 
and  columblum. 

Phase  IV  will  be  the  pilot  production  of  five  extrusions  of  each 
material  investigated  to  demonstrate  the  reliability  of  the  developed 
process  and  to  insiire  consistency  in  the  extrusions  produced. 


The  literature  survey  of  Phase  I  has  been  coinpleted.  Although  a 
coiiQ>rehen6lve  survey  was  made,  the  state-of-the-art  of  high-velocity 
extrusion  is  new  and  undeveloped  and  few  references  are  available. 

Ihe  state-of-the-art  of  hl^-velocity  structural  extrusion  was 
practically  non-existant. 

The  work  required  in  Phsise  II  has  also  been  coiqpleted.  Ten  foot 
Tee  extrusions  of  T1-6a1-4v  alloy  which  meet  all  the  requirements 
of  surface  finish,  tolerance  and  dimensions  have  been  made.  Stain¬ 
less  steel  and  AISI  43IK)  extrusions  have  also  been  made  in  lengths 
of  10  feet  which  meet  all  the  requirements  except  the  dimensional 
tolerances.  ISu!  cross  section  is  slightly  reduced  in  a  local  region 
of  the  ten  foot  lengths.  Eight  foot  lengths  of  steel  can  be  produced 
meeting  edl  the  dimensional  requirements  and  having  only  a  .002  inch 
variation  in  thickness  along  the  length.  For  existing  high-velocity 
extmslon  machines  and  this  cross  sectional  area,  eight  feet  should 
be  considered  the  maximum  capability  for  materials  with  the  density 
of  steel  (.3  Ib/ln^). 

Phase  III  and  IV  have  not  yet  been  started. 
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FIGURE  1  -  Basic  design  of  tee  configuration  used  for  high  energy  rate  extrusion  contract. 


II.  STOMAlg  OF  WORK  IH  CTE  PAST  QUAKCBR 

Work  In  the  past  report  period  demor'trated  the  repeatability  of 
the  high -velocity  extrusion  process.  Long  lengths  and  good  surface 
were  obtained  previously,  but  not  consistently  one  extrusion  after 
another.  In  the  last  extrusion  trials,  eleven  extrusions  vere  made 
from  the  three  materials,  Ti-6A1-^V  pJ-loy,  AISI  43^*0  and  304  stain¬ 
less  steel.  All  the  extrusions  had  satisfactory  surfaces  and  dimen¬ 
sional  tolezances. 
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III.  coacLasioHB 


A.  Ibe  feasibility  of  consistently  producing  thin  structural  shapes 
by  the  hle^-veloclty  extrusion  process  has  been  demonstrated  on 
Ti-6Al<4v  alloy,  AISI  43^  and  3^)4  stainless  steel. 

B.  With  properly  coated  and  sized  dies,  extrusions  with  surfcu:e 
finishes  of  better  than  100  R)6  and  with  the  required  dloenslrais 
can  be  produced. 
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IV.  DISCUSSION 


A.  Extrusion  Bgolpaent  and  Proceduxc 

1.  General  Description 

Tvo  extrusion  trials  were  made  in  the  last  quarter.  In 
the  first  trial  only  four  extrusions  were  made  because  the 
dies  proved  to  be  defective.  Eleven  extrusions  were  made 
In  the  second  trial.  Tl-^Al-^V,  AISI  43^  and  304  stainless 
steel  were  the  materials  extruded  and  all  extrusions  were 
of  the  Tee  configuration  which  has  nominal  dimensions  of 
2  Inches  by  1  Inch  by  .030  inches. 

An  l8l0  model  Dynapak  machine,  manufactured  by  General 
Dynamics,  see  figure  2,  was  used  on  all  extrusions.  A 
smaller  oiodel,  1210  Dy°apak,  Is  also  available  Euod  has 
been  used  In  some  of  the  previous  trials.  Ihe  l8l0  Dynapak 
machine  Is  capable  of  producing  energies  of  approximately 
300,000  foot  pounds.  Or  both  of  the  last  trials,  energies 
of  200,000  foot  pounds  to  300,000  foot  pounds  were  used 
producing  extrusions  from  8  feet  to  11  feet  long. 

2.  Heating  Procedure 

All  billet  heating  was  done  In  a  BEtCl2  salt  bath.  The 
T1-6a1-4v  billets  were  heated  to  l823°F  and  both  of  the 
steel  alloys  were  heated  to  2130°?.  Soaking  time  was  nom¬ 
inally  10  minutes  for  all  materials  and,  after  heating, 
billets  were  removed  from  the  scdt  bath.  Inserted  In  the 
billet  container  and  extruded  In  a  period  of  3  to  7  seconds. 
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3«  Lubrication 


All  billets  were  heated  In  the  BaCl2  salt  bath  and  were 
not  further  lubricated.  The  salt  does  provide  a  certain 
amount  of  lubrication.  ^Qie  die  and  container  were  lubri¬ 
cated  with  graphite.  Qie  graphite  Is  mixed  with  alcohol 
and  applied  by  spraying.  The  graphite  appears  to  be  very 
Inqportant  and  must  be  applied  liberally  to  the  die.  On 
the  ceramic -coated  die,  the  graphite  prevents  metal  pickup 
In  the  die  land  and  essentially  acts  as  an  anti-seizing 
coiq>ound.  Without  the  graphite,  short  extrusions  can  be 
made  with  good  surfaces,  but  on  the  longer  extrusions, 
the  extruded  material  builds  up  in  the  die  land  causing 
deep  scratches  in  the  extrusion. 

U.  Tooling 

The  tooling  for  all  extrusions  and  materials  was  the 
same.  A  split,  three-piece,  ceramic -coated  die  was  used. 

In  addition,  a  split,  two-piece,  preform  die  was  placed 
on  top  of  the  die.  This  shapes  the  billet  to  a  Tee  con¬ 
figuration  2-1/2  inches  by  1-1/4  inches  by  1/2  inch  prior 
to  the  billet's  entering  the  ceramic -coated  die.  The  die 
anil  preform  earn  shown  in  Figures  3;  ^  preform 

was  not  ceramic -coated  but  did  not  wear  excessively  and 
could  be  used  on  a  large  number  of  extrusions.  The  cerasiic 
die  was  coated  with  .00^  inches  to  .010  inches  of  T^rO^ 
applied  with  a  plasisa  arc  gun.  Initially,  the  ceramic 
coating  was  approximately  .015  Inches  thick  but  was  ground 
to  obtain  the  proper  thickness  and  smoothness. 


^Qie  billet  container,  die  aolder,  and  back-up  tooling  was 
nade  from  H-13  type  tool  steel  hardened  to  47  -  50  Be. 

Punches  have  been  made  from  several  types  of  tool  steels, 
H-13,  S-3,  Hl-Shock  60,  and  M-2,  with  a  hardness  range  of 
53  He  to  58  Be.  !I!be  higher  hardness  range  Is  preferred 
because  of  the  high  stress  encountered  at  Isgmct,  gano-mny 
200,000  psl  to  250,000  pel. 

5.  Machine  Set-qp 

A  schematic  diagram  of  the  tooling  Is  shown  In  Figure  6. 

Ibe  punch  Is  movable  and  Is  electrically  operated.  It  Is 
moved  to  the  left  (Figure  6)  to  allow  the  billet  to  be 
Inserted  and  Is  then  moved  bock  to  the  center  for  extruding. 
This  movement  is  very  rapid  and  does  not  cause  greater  tAmi 
a  ome-second  delay  in  the  extrusion  procedure.  *1^  advan¬ 
tages  of  and  the  contribution  of  the  "sliding  punch"  tooling, 
which  was  designed  to  lower  extrusion  velocities  and 
longer  extrusions,  have  been  described  In  the  previous 
^technical  Progress  Report  under  this  contract. 

B.  Extrusion  Trials 
1.  First  Trial 

Four  extrusions  were  meide  on  the  first  trials.  Originally, 
nine  extrusions  had  been  planned,  but  the  dies  were  not  pro¬ 
perly  coated  and  the  extrusions  were  coming  out  with  deep 
scratches. 
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The  dies  were  made  with  a  .O/O^xoch  slot  to  allow  for  a 
.002  inch  nolybdenum  undercoat  and.  eui  .008  ceramic 
coating  on  each  sld.e,  resulting  In  a  .0^  int»h  final 
dimension.  The  undercoating  on  this  set  of  dies  varied 
troa  .002  Inches  to  .010  inches.  ’Wtig  did  not  allow  a 
sufficient  ceramic  coating  after  sizing  (none  In  sooe 
cases )i  In  the  hare  and  thin  spots  gening  took  place. 

Ih  Figure  8f  Tl-^Al-^V  extzoisioii  No.  3^6,  is  an  example 
of  an  extrusion  made  with  this  set  of  dies.  TS»  nose  of 
the  extrusion  has  a  good  surface  (60-70  RM3),  hut  it 
gradually  worsens  and  the  deep  scratches  at  the  tall  end 
yield  a  surface  flxilsh  of  200  RMS.  Sie  steel  extrusion 
had  a  similar  surface  from  nose  to  tail.  The  extrusions 
made  on  the  first  trial  are  shown  In  Figure  7  the  die 
in  Figure  9- 

Second  Trial 

Rleven  extrusions  were  made  in  the  second  trials,  five 
T1-6a1'^V,  three  AISI  43^*0,  and  three  304  stainless  steel. 
The  dies  used  for  the  first  trials  were  seuid  blasted 
recoated  and  used  for  these  trials. 

file  extrusions  made  In  these  trials  are  shown  in  Figures 
10  and  11  and  a  close-up  of  the  surfsuse  finish  of  several 
of  the  extrusions  is  shown  in  Figures  12  axid  I3. 

These  trials  went  very  weLL  file  extrusions,  with  one 
exception,  had  good  surfaces  and  very  little  dimensional 
variation  along  the  length.  The  one  extrusion  that  was 


not  good  vas  a  case  at  die  failure.  Tbe  ceramic  coatlxig 
broke  off  the  die  on  one  ‘'•ide  of  the  stem  emd  this  surface 
vas  bad.  On  this  extrusicm  the  rest  of  the  suzfaces  vere 
good.  This  type  of  die  failure  is  rare  and  is  the  first 
eiqierlenced  In  the  last  9  months. 

No  braking  device  of  emy  type  was  used.  Ohe  extrusions  are 
incoiqplete,  that  is,  a  small  butt  is  left  In  the  die  which 
holds  the  extrusion  In  place.  Oiis  butt  is  very  small, 
usually  a  cubic  Inch  or  less  and  vould  not  substantially 
add  to  the  length  of  the  extrusion  if  it  vere  extruded. 

Fart  of  it  vould  form  the  tall  which  is  usually  hollow  and 
vould  have  to  be  cropped  anyway.  Pictures  of  the  butts  of 
the  extruslois  made  in  the  second  trial  eure  shown  in  Figure 
l4. 
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Tbble  1  >  List  of  high  velocity  extrusions  made  on  iSlO  Model  Oynapak  machine 


FIGURE  2  -  General  view  of  Model  1810  Dynapak  Machine.  Upper  lower  weights  are  on  the  right  with  two  of  the  tie  rods.  Salt 
bath  is  visible  in  center  and  the  induction  heating  facilities  on  the  left. 


FIGURE  4  -  Drawing  of  preform  inserts.  The  billet  shape  is  changed  from  a  1-3/4- 
inch  diameter  round  to  a  2-1/2  inch  by  1-1/4  inch  by  1/2  inch  Tee  con¬ 
figuration  as  it  goes  through  the  preform.  Photograph  of  preform  in¬ 
serts  and  container  are  shown  in  Figure  5. 


FIGURE  5  -  Lett  -  Three  piece  die  and  holder.  Ceramic  coaled  entry  angle  extends  down  to  radius  at  45°  angle. 

The  land  is  also  ceramic  coated  and  is  1/4  inch  long.  Right  -  Preiorm  die  is  shown  trom  bottom  side. 
A  round  billet,  1-3/4"  diameter,  enters  top  oi  preiorm  and  is  shaped  and  expanded  to  a  2  inch  by  1 
inch  by  1/2  inch  Tee.  The  Tee  is  then  extruded  as  it  goes  through  ceramic  coated  die. 


BACK-UP 

PLATE 


FIGURE  6  -  Schematic  diagram  of  1-3/4  inch  diameter  tooling  aa  seen  from  the 
side.  Punch  moves  out  of  position  to  the  left  to  permit  insertion  of 
billet  into  the  container.  The  air  cylinder  at  top  left  is  electrically 
operated. 


FIGURE  7  -  Extrusions  made  on  first  extrusion  trials  of  last  quarter.  These  extrusions  were  unacceptable  because  of  poor  surface 
quality,  see  Figure  8.  The  extrusions  from  top  to  bottom  are.  No.  514.  Ti-6A1-4V;  No.  515,  Ti-6A1-4V;  No.  516, 
Ti-6A1-4V;  and  No.  517,  AlSl  4340. 


FIGURE  8  -  View  of  extrusion  surrace  at  nose  and  tail  of  extrusiori  .Vo.  516.  Surface  finish  is  70  RMS  in  nose  area  and  200  RMi 
in  tail  area.  This  large  variation  was  the  result  of  thin  spots  in  the  ceramic  coating  which  caused  galling  near  the 


FIGURE  9  -  View  of  die  inserts  and  container.  Upper  left  -  inserts  and  container  are  assembled.  Bottom  -  view  of  ceramic  coating 
on  the  entrance  angle  and  land.  Notice  the  dark  areas  on  land  at  bottom  right.  In  these  areas  ceramic  was  ground  off 
when  die  was  sized. 


FIGURE  10  -  Ti-6A1-4V  alloy  extrusions  made  on  second  extrusion  trials.  From  top  to  bottom.  No.  518.  126  inches;  No.  519,  124 
inches;  No.  520,  113  inches;  No.  521.  132  inches;  No.  522.  132  inches. 


V.  BB8ULIB 


Qw  general  appearance  of  the  extrusions  after  sand  blasting  ms 
good.  Although  they  had  not  been  stral^tened^  they  were  rela¬ 
tively  stral^t  with  little  bov  and  canher,  on  the  order  of  1/2"- 
1"  In  10  feet.  Die  tvlst  varied  from  several  degrees  up  to  90 
degrees. 

Surface  finish  ms  very  good  on  all  the  Tl-^Al-^V  alloy  extrusions. 
All  the  extrusions  measured  60  RMS  -  8$  RMS,  see  Table  2,  with  an 
average  of  ^0  RMS.  The  surface  finish  of  the  tall  section  was 
^nexally  <»ly  5  BMB  to  10  RIB  rougher  than  the  nose  indicating 
that  there  is  no  appreciable  pickup  on  the  die  and  very  little 
die  wear,  ihe  steel  extrusions  vere  not  genersdly  as  good 
although  two  of  these  averaged  TO  RIB  and  the  other  two,  100  RIB 
and  120  RMS.  The  extrusion.  Ho.  ^27,  which  had  the  120  RMS,  had 
visual  scratches  from  nose  to  tail  which  indicated  that  the  die 
coating  chipped  or  was  scratched  \d)en  the  extrusion  broke  throu^ 
the  qpenlng.  In  the  past  (and  eis  reported  in  Interim  TechnlceLL 
Progress  Report  Ho.  9)  'the  surfaces  of  all  three  materials  have 
been  sisdlar  in  smoothness. 

Ibe  extrusions  made  on  these  trials  were  8-11  feet  long.  She 
T1-6a1-4v  alloy  extrusions  averaged  10  feet  and  the  steel  extru¬ 
sions  9  feet.  Tkro  of  the  stainless  steel  extrusions,  3^3  sol 
324,  were  severly  distorted  when  they  were  sandbleisted  and  will 
have  to  be  stral^tened  before  measurements  can  be  taken.  The 
other  stainless  steel  received  a  lifter  sandblast  and  did  not 
distort. 
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Dlasnslons  of  tbe  die  takeu  prior  to  extruding  a-nd  tbe  dii—nainnn 
of  the  nose  section  of  the  extrusion  are  coopeured  In  !Dsble  3>  !Ibe 
general  trend  was  for  the  extrusion  to  he  approximately  .03  to  .04 
Inches  smaller  than  the  die  In  the  2-inch  flange  dimension  and  .01 
to  .02  inches  smaller  In  the  1-inch  stem  dimension.  Approximately 
one-half  of  this  size  change  can  be  attributed  to  thermal  contxactixm. 
nw  balance  of  the  size  change  was  probably  due  to  elastic  sprlngback. 
During  the  extrusion  period,  the  material  Is  forced  out  to  the  die 
extremities  under  a  severe  coeqpresslve  stress.  However,  once  the 
material  Is  through  the  die,  this  stress  Is  relieved  and  the  extrusion 
Is  free  to  elastically  contract.  Once  made,  the  extrusion  undergoes 
relatively  high  tensile  forces  due  to  the  inertial  farces  In  the 
extrusion.  The  tensile  force  would  not  affect  these  dimensions, 
however,  unless  they  are  sufficiently  high  to  plastically  deform 
the  extrusion. 

abe  thickness  dimension  of  the  stem  and  the  flanges  were  usually 
larger  than  the  die  measiuements .  On  two  of  the  five  T1-6a1-4v 
extrusions  the  dimensions  of  the  extrusions  were  several  mills 
smaller  than  the  die  dimension.  On  the  balance  of  the  extrusions, 
including  tbe  AISl  Usto  and  304  stainless  steel,  the  extrusion 
dimensions  were  larger  than  the  die  dimension.  This  Is  in  contrast 
to  the  length  dimensions  of  the  stem  and  flange  which  were  generally 
smaller.  Most  of  this  Increase  csui  be  attributed  to  die  movement, 
that  Is  movement  of  the  Inserts  within  their  container.  The  insert 
mid  container  were  made  In  pairs  with  a  "no-clearance"  fit  but  after 
a  number  of  bits  this  appeared  to  loosen  allowing  tbe  dies  to  spread 
during  the  extruslcm.  With  a  shrink  fit  between  Inserts  and  cootainer. 
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It  Is  felt  that  the  extrusion  would  nominally  he  .001  to  .002  Inches 
smaller  than  the  die  measurement. 

It  Is  recommended  that  the  dimensions  of  future  dies  be  made  2^  larger 
than  the  desired  extrusion  dimensions  to  allow  for  contraction  and 
that  the  Inserts  and  container  have  an  interference  fit  In  older  to 
hold  the  Inserts  firmly  in  place. 

In  a  typical  extrusion,  dimensions  of  the  flange  and  stem  thickness 
varied  only  .002  -.003  inches  over  the  length  of  the  extrusion,  the 
thinnest  sections  being  near  the  tall.  Ihe  height  of  the  stem(whlch 
is  nominally  1  Inch)  varied  a  maximum  of  .02  Inches  except  in  the  11- 
foot  AISI  43^  extrusion.  No.  32^,  which  shows  definite  signs  of  necking. 
On  this  extrusion,  the  stem  varied  from  .99  inches  at  the  nose  to  .92 
Inches  near  the  tall.  Ihe  dimension  of  the  width  of  the  2-inch  flnage 
had  proportionally  larger  variation  from  nose  to  tail  than  any  of  the 
other  dimensions.  This  dimension  varied  from  .01  Inches  to  .12  Inches, 
with  the  smaller  dimensions  near  the  tail  end.  This  reduction  in  size 
is  probably  due  to  necking  but  the  other  dimensions  did  not  indicate  a 
proportionate  amount  of  necking.  ^Qie  dimensions  of  the  as-extruded 
and  sandblasted  extrusions  are  listed  in  !£ables  4-13. 

A  measurement  of  the  radius  at  the  intersection  of  the  stem  and  flange 
was  made  on  eight  angles  with  an  optical  cooiparator.  Qiey  were,  .013, 
.013,  .020,  .023,  .010,  .010  and  .010.  Obese  measurements  are  a  good 
indication  of  the  radii  that  can  be  obtained  with  this  process,  m 
the  normal  extrusion  practice,  radii  of  corners  are  conventionally 
.123  inches. 
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fusible  2  -  Surface  finish  measureioents  of  high  velocity  extrusions  made  in  second  trials 


DDBBiqiS  OF  TEE  8BCTI01I 


Die 

Ident. 

A 

B 

C 

D 

E 

Extrusion  Hb. 
and  Miterial 

1 

2.00 

1.03 

0.050 

0.050 

0.050 

518-M.-6a1-4v 

lA 

1.96 

0*99 

.047 

.047 

.045 

2 

2.01 

1.02 

0.050 

0.050 

0.050 

521-Ti-6Al-4v 

2k 

1.97 

“0.99 

.047 

.050 

.047 

3 

1.99 

1.03 

0.050 

0.049 

0.049 

523-304  s.s. 

3A 

1.96 

1.02 

.050 

.052 

.052 

4 

2.01 

1.03 

0.050 

0.054 

0.052 

526-43»«0 

4a 

1.99 

1.01 

.052 

.055 

.053 

5 

2.05 

1.03 

0.049 

0.050 

0.052 

524-304  s.s. 

5A 

2.02 

1.00 

.052 

.060 

.064 

6 

1.99 

1.01 

0.o49 

0.049 

0.050 

525-43IK) 

6a 

1.96 

.99 

.049 

.050 

.050 

7 

1.99 

1.00 

0.050 

0.050 

0.050 

519-Ti-6Al-4v 

7A 

1.98 

1.02 

.053 

.050 

.053 

8 

2.04 

1.05 

0.050 

0.o49 

0.050 

520-t1-6a1-4v 

dA 

2.01 

1.01 

.050 

.052 

9 

2.00 

1.00 

0.050 

0.049 

0.049 

522-T1-6a1-4v 

9A 

Hot  measured 

10 

2.00 

1.00 

0.053 

0.053 

.053 

527-4340 

lOA 

1.99 

1.00 

.057 

.061 

.061 

n 

2.00 

0.98 

0.053 

0.053 

0.053 

528-304  B.s. 

UA 

2.00 

.98 

.054 

.057 

.060 

1  -  Diaenslotfof  die  prior  to  extrusloii 

lA  -  Dlaensions  at  noae  sectlxn  of  extruded  sectioa 

lEaUe  3  -  Conperlsoa  of  die  dlaensioiis  and  dlaanslPiui  of  extrusloiis 
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EKERUSION  DIMBIISKWS 


Material: 

Ti-6Al-4v 

No. :  519 

Length:  124" 

Loc.  of 
Nessurements 

Width 

Hel^t 

Stem 

Ri«^t 

Flange 

Left 

Flange 

Nose 

1.98 

1.02 

.050 

.051 

.053 

12" 

1.98 

1.02 

.051 

.050 

.053 

24" 

1.97 

1.02 

.049 

.051 

.053 

36" 

1.94 

1.02 

.050 

.050 

.054 

48" 

1.92 

1.01 

.050 

.049 

.053 

60" 

1.90 

1.02 

.050 

.048 

.053 

72" 

1.90 

1.02 

.049 

.049 

.053 

84" 

1.90 

1.02 

.049 

.048 

.053 

96" 

1.90 

1.01 

.051 

.048 

.053 

108" 

1.90 

1.01 

.051 

.049 

.053 

120" 

1.90 

1.02 

.052 

.050 

.054 

132" 

Die  dimensions 

1.99 

1.00 

.050 

.050 

.050 

Tlable  4a  -  Dimens  ion  of  extrusion  Nb.  ^19 
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EXmUSIOW  DlMBISIOliS 


Meter ial: 

ti-6ai-4v 

Ro. :  520 

Length:  113" 

Loc.  of 

Right 

Left 

Measurements 

Width 

Belf^t 

Stem 

Flange 

Flange 

Rose 

2.02 

1.01 

.052 

.051 

12" 

2.01 

1.01 

.053 

.051 

24" 

2.01 

1.01 

0 

S’ 

.053 

.032 

36" 

2.00 

1.01 

.053 

.032 

48" 

2.00 

1.01 

.053 

.033 

60" 

1.98 

1.01 

.054 

.033 

72" 

1.97 

1.01 

.054 

.033 

84" 

1.96 

1.01 

.053 

.032 

96" 

1.96 

1.01 

.055 

.032 

108" 

1.90 

1.01 

.054 

.032 

120" 

132" 

Die  dimensions 

2.04 

1.05 

.050 

.049 

.030 

Ikble  -  OtmeosiODs  of  extrusion  Ro.  520 


EmOSIOB  DIMBNSICTrS 


Nskterial: 

Ti-6A1-4V  No.; 

521 

Length:  I32" 

Loc.  of 

Right 

Left 

Measurements 

Width 

Sei^t 

Stem 

Flange 

Flange 

Nose 

1.98 

.99 

.047 

.050 

.048 

12" 

1.97 

.99 

.048 

.050 

.047 

2k” 

1.97 

.99 

.049 

.049 

.048 

36" 

1.96 

.99 

.048 

.050 

.048 

48" 

1.94 

•99 

.049 

.049 

.047 

60" 

1.93 

.99 

.050 

.049 

.048 

72" 

1.92 

.99 

.050 

.048 

.048 

84" 

1.93 

.99 

.051 

.048 

.048 

96" 

1.95 

.99 

.051 

.046 

.048 

108" 

1.95 

.98 

.051 

.044 

.046 

120" 

1.95 

.98 

.049 

.04l 

.045 

132" 

1.96 

.99 

.051 

,okj 

.046 

Die  dimensions 

2.01 

1.02 

.050 

.050 

.050 

Tbble  ^  -  Dlnensloas  of  extrusion  No.  ^21 
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EXTOUSIOH  DDCNSIOHS 


Material;  304  s.s.  No.:  523  Length;  96" 


liOC.  of 
Measurements 

Width 

Height 

Stem 

Right 

Flange 

Left 

Flange 

Nose 

1.96 

1.03 

.051 

.053 

.052 

12" 

1.96 

1.02 

.050 

.052 

.052 

24" 

1.96 

1.02 

0 

0 

e 

.052 

.052 

36" 

1.96 

1.02 

.050 

.052 

.052 

48" 

1.95 

1.02 

.050 

.052 

.053 

60" 

1.95 

1.02 

.049 

.051 

.052 

72" 

1.95 

1.01 

.050 

.051 

.052 

84" 

1.95 

1.01 

.050 

.051 

.052 

96" 

1.95 

1.01 

.050 

.051 

.051 

108" 

120" 

132" 

Ole  dimensions 

1.99 

1.03 

.050 

.049 

.049 

TIahle  4d 

-  Dimensions 

of  extrusion  No. 

523 
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BmUSIOH  DDCMSIOMS 


Msiterlal: 

304  s.s.  No.: 

524 

Length:  105" 

Loc.  of 
Measurements 

Width 

Hei^t 

Stem 

RiC^t 

Flange 

Left 

Flange 

Nose 

2.01 

1.00 

.053 

.064 

.061 

12" 

2.02 

l.OO 

.052 

.064 

.060 

24" 

2.02 

1.00 

.052 

.064 

.059 

36" 

2.02 

1.00 

.052 

.064 

.059 

48" 

2.01 

1.00 

.052 

.064 

.058 

60" 

2.01 

.99 

.051 

.063 

.057 

72" 

2.00 

.99 

.051 

.063 

.057 

84" 

1.99 

.98 

.051 

.062 

.058 

96" 

1.96 

.98 

.051 

.061 

.058 

108" 

1.99 

.99 

.051 

.060 

.057 

120" 

132" 

Die  dimensions  2.04 

1.02 

.049 

.052 

.050 

TIable  llE  -  Dimensions  of  extrusion  No.  ^4 
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gxinroBioB  DneMsioMs 


Material: 

AISI  4340 

No.:  525 

Length:  I3O" 

Loc.  of 
Nsasurements 

Width 

Height 

Stem 

Ri^t 

Flange 

Left 

Flange 

Nose 

1.95 

.99 

.050 

.050 

.050 

12" 

1.96 

.99 

.049 

.050 

.050 

24" 

1.96 

.99 

.049 

.050 

.050 

36" 

1.95 

.98 

.049 

.050 

.050 

48" 

1.95 

.98 

.048 

.049 

.050 

60" 

1.93 

.97 

.048 

.049 

.049 

72" 

1.91 

.96 

.047 

.048 

.048 

84" 

1.87 

.95 

.0l»6 

.047 

.047 

96" 

1.84 

.93 

.045 

.0ii6 

.046 

108" 

1.81 

.92 

.045 

.045 

.046 

120" 

1.81 

.92 

.045 

.045 

.046 

132" 

1.86 

.96 

.046 

.0i«6 

.046 

Die  dlneiislons 

1.99 

1.01 

.049 

.049 

.050 

mable  -  Dlnmislons  of  extrusloa  Ho.  ^5 
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BXTOU3I0H  DlieHSIOHS 


Material:  AISl  U340  No.:  526  Length:  106" 


Loc.  of 
Nessurements 

Width 

Hei«^t 

stem 

Right 

Flange 

.053 

Left 

Flange 

.055 

Nose 

1.97 

1.01 

.053 

12" 

1.99 

1.01 

.052 

.053 

.055 

c 

CM 

1.99 

1.01 

.052 

.052 

.055 

36" 

1.99 

1.01 

.052 

.053 

.054 

48" 

1.99 

1.01 

.052 

.053 

.054 

60" 

1.97 

1.01 

.052 

.052 

.054 

72" 

1.96 

1.00 

.051 

.052 

.054 

84" 

1.94 

1.00 

.051 

.051 

.053 

96" 

1.93 

1.00 

.051 

.050 

.053 

108" 

1.92 

1.00 

.050 

.050 

.051 

120" 

132" 

Die  dimensions 

2.01 

1.03 

.050 

.052 

.054 

Obhle  1*0  -  Oloensions  of  extrusion  No.  526 
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KX3»a8I(MI  DIIBH8I0WS 


Meterlal: 

AISI  4340 

NO.;  527 

Length;  104" 

Loc.  of 

Ri«^t 

Left 

Measurements 

Width 

Hei^t 

Stem 

Flange 

Flange 

Nose 

1.97 

1.00 

.057 

.061 

.061 

12" 

1.99 

1.00 

.057 

.061 

.061 

S 

CM 

1.99 

1.00 

.057 

.061 

.061 

36" 

1.99 

1.00 

.056 

.061 

.060 

48" 

1.99 

1.00 

.056 

.061 

.060 

60" 

1.97 

1.00 

.055 

.060 

.060 

72" 

1.96 

.99 

.056 

.060 

.059 

84" 

1.95 

.99 

.056 

.060 

.059 

96" 

1.94 

.99 

.056 

.059 

.059 

108" 

1.95 

1.00 

.056 

.059 

.058 

120" 

132" 

Die  dimensions  2.00 

1.00 

.053 

.053 

.053 

ISeible  4h  -  Dinenslons  of  esctrusion  No.  $27 
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EX1RU8I(»  DDEWSIOMS 


Material: 

304  s.s.  No. : 

528 

Length:  101" 

Loc.  of 
Measurements 

Width 

aelght 

Stem 

Rl^t 

Pleuige 

Left 

Flange 

Nose 

2.00 

.98 

.054 

.060 

.057 

12" 

2.00 

.98 

.054 

.060 

.057 

CM 

2.00 

.98 

.054 

.059 

.057 

36" 

2.00 

.98 

.054 

.059 

.057 

48" 

2.00 

.98 

.054 

.059 

.056 

60" 

2.00 

.97 

.053 

•059 

.056 

72" 

2.00 

.97 

.053 

.059 

.056 

84" 

2.00 

.97 

.053 

.059 

.056 

96" 

1.99 

.97 

.053 

.058 

.056 

108" 

1.98 

.97 

.053 

.058 

.055 

120" 

132" 

Die  dimensions  2.00 

.98 

.053 

.053 

.053 

Tbble  -  Dlmensioas  of  extrusion  No.  326 
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FIGURE  12  -  View  of  Ti-6A1-4V  alloy  extrusion  Nos.  518  and  519.  There  is  no  appreciable  difference  in  the  surface  finish  of  the 
nose  section  at  the  right  and  the  tail  at  the  left. 


FIGURE  13  -  View  of  steel  extrusion  Nos.  525  and  528.  Extrusiori  No.  525  at  top  is  AISI  4340,  No.  528  at  the  bottom  is  304  stain¬ 
less  steel.  Surface  finish  is  70  RMS  on  nose  and  tail  of  both  extrusions. 


FIGURE  I4ii  -  Extrusion  stubs  horn  Ti-6A1-4V  extrusions  of  second  trials.  Stubs 
normally  contain  1  cubic  inch  of  material. 


FIGURE  14b  -  Extrusion  stubs  from  steel  extrusions  ol  second  trials.  These  stub 
average  2  cubic  inches  of  material. 


VI.  WORK  FOR  MEXT  REPORTING  PERIOD 


Die  orlglzial  Intention  to  begin  Phase  III  in  the  last  reporting 
period  was  postponed  to  permit  demonstrating  the  repeatability 
and  consistency  with  which  T1-6a1-4v,  AISI  43ltO  and  30^  stainless 
steel  could  be  made  to  the  requirements  of  the  contract.  This 
having  been  done,  Riase  III  will  begin  in  the  next  quarter. 

Die  objective  of  Phase  III  will  be  the  development  of  a  process 
for  the  extrusion  of  B-66  columbium  alloy  and  IZM  molybdenum- 
base  alloy  into  a  2  inch  by  1  inch  by  .030  inch  Tee  configuration. 
The  problems  associated  with  attaining  these  objectives  will  be 
divided  into  several  separate  but  related  working  areas.  First, 
there  win  be  defined  the  process  parameters  required  to  extrude 
the  volume  of  metal  of  each  alloy,  l8  cubic  inches,  equivalent 
to  10  feet  of  the  reference  section.  These  parameters  will  then 
be  modified  as  necessary  to  produce  the  maximum  length  of  extrusion 
having  full  aircraft  quality  and  meeting  all  the  dimensional  and 
surface  requirements.  Second,  a  straightening  process  will  be 
developed.  Dils  will  Include  any  necessary  preheat  treatment  or 
po  s  t  heat  treatment  of  the  straightened  material  in  addition  to 
the  required  wtmn  or  hot  straightening  procedure.  Third,  the 
extrusions  will  be  evaluated  for  microstructure  and  mechanical 
properties . 

Work  in  the  next  reporting  period  will  be  directed  prlmEurlly  at 
the  investigation  of  the  extrusion  process  parameters.  The  heating 
requirements,  lubrication,  reduction  ratio  and  extnislon  teoqperature 
will  be  determined  to  extrude  l6  cubic  inches  of  each  material.  A 
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correlation  will  be  made  between  extrusion  teii3>erature  and  surface 
finish,  extrusion  pressure  and  nlcrostructure .  Selected  extrusions 
will  be  heat  treated  and  tested  to  obtain  preliminary  mechanical 
properties.  These  Investigations  will  be  conducted  on  both  the 
1210  Pynapak  and  l8l0  Dynapak  machine. 
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